Rationale: High-throughput screening of biofluids is essential in monitoring concentration of a variety of drugs to determine their efficacy and toxicity. Organosiloxane polymers prepared by sol-gel chemistry as sample supports, and electrospray ionization emitters in a single material and as an alternative to paper substrates, is described in this study.
| INTRODUCTION
Improving the management of a variety of diseases caused by pathogenic organisms relies on the correct dosage of antibiotic drugs for a patient. Measuring the concentration of antibiotics administered to a patient as part of the dosing regimen is often done by repeated measurements of the drug concentration over time to determine the therapeutic range to sustain drug efficacy, avoid drug-related toxicity, and decrease multiple-drug resistance. Streptomycin, the most widely used aminoglycoside antibiotic used to treat infections in humans, is a highly polar (hydrophilic) compound with narrow therapeutic index (20-30 μg/mL) and toxicity (50 μg/mL), which may be severe or irreversible. 1 Between 29% and 89% of the administered dose is excreted unchanged in the urine within 24 h. 2 Streptomycin is also used as a growth promoter in food-producing animals with the potential to develop streptomycin-resistant pathogens. 3 The detection and quantitation of streptomycin in biofluids often requires the use of hydrophilic interaction chromatography (HILIC), an alternative form of high-performance liquid chromatography (HPLC), where uncharged polar compounds are separated on polar stationary phases coupled with mass spectrometry 4 or matrix-assisted laser desorption/ ionization time-of-flight mass spectrometry (MALDI-TOF MS). 5 However, these analytical methods suffer from increased time of analysis because of sample pretreatment and labor-intensive chromatographic procedures. Rapid analytical methods based on MS for high-throughput analyses would provide important information on proper dosing of these drugs during antibiotic therapy and their detection in commercial food products.
Electrospray ionization mass spectrometry (ESI-MS) has been
shown to be an invaluable tool in the analysis of chemical compounds in a variety of different matrices, including biological fluids. In conventional ESI, a small-diameter capillary is used to generate the electrospray that results in the formation of analyte ions. However, one of the drawbacks of using a capillary is the danger of clogging.
Over the past two decades, improvements to sampling and ionization have been made, including the development of ambient ionization techniques and ESI on solid substrates, such as metals and paper. 6 These improvements have led the way for the development of paper-spray mass spectrometry, which is an appealing form of ambient ionization mass spectrometry because only a small volume of analyte, typically some biofluid, is deposited on the surface of the paper support, allowed to dry, and then electrosprayed from the tip of the paper into a mass spectrometer. [7] [8] [9] [10] This technique, which requires no pneumatic assistance to transport analytes to the mass spectrometer inlet, can be beneficial for use in on-site therapeutic drug monitoring in biofluids and in monitoring the quality of food products and can allow for high-throughput analyses. Open-surface sampling avoids the clogging problem of capillaries and allows for more choices of sampling support materials, such as a synthetic polymer.
An important feature of sampling materials for ambient ionization mass spectrometry is their polarity. Hydrophobic materials such as polymethylmethacrylate and polytetrafluoroethylene have been shown to have enhanced signal intensity and stability over less hydrophobic materials used in desorption ionization techniques.
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Paper coated with a variety of different compounds has also been shown to have enhanced performance as sample support in paper-spray mass spectrometry. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] We have found that hydrophobic polymer sample supports allow for the detection of hydrophilic drugs, such as streptomycin, that are not easily detected, if at all, using paper-spray mass spectrometry.
We describe here a modification of paper-spray mass spectrometry in which the paper support is replaced by a suitable organic-inorganic hybrid organosiloxane (OSX) polymer whose porosity and chemical composition can be carefully controlled by use of a sol-gel process, 24 allowing for facile modification of the polymer surface (e.g., control of the surface hydrophobicity). The sol-gel process offers a simple, easy, and inexpensive route to make these OSX polymers. OSX polymers are used for the first time as a sampling support and an ESI emitter in a single material for the detection and quantitation of hydrophobic narcotics (logP~0.9 to 2.3, where logP is the partition coefficient of the concentration of the compound in octanol to water), 24 and for the detection and quantitation of streptomycin (logP −6.4), 24 a hydrophilic antibiotic drug, which is not detectable using paper-spray mass spectrometry. 
| Sample preparation
Each drug stock solution was prepared by dissolving the drug in water.
Drug-spiked urine samples were prepared by directly adding the appropriate volume of drug stock solution into urine.
| Calibration curves
Standard samples of streptomycin were prepared in urine. Linear regression analysis was carried out on known added concentrations of streptomycin against the peak intensity of streptomycin to dihydrostreptomycin (internal standard). Standard samples of cocaine in urine were prepared in a similar manner, and linear regression analysis was carried out using isotope-labeled cocaine-d3 as the internal standard. The regression coefficient (R 2 ), slope, and intercept, and equation of the resulting standard curves were determined.
Calibration curves for streptomycin in urine for polymer spray, and cocaine in urine for both paper and polymer spray, are presented in the supporting information.
2.5 | Polymer-spray mass spectrometry (Table 1) . However, the thickness of the polymer did not appear to affect the performance of the polymer, although more care was needed to align the thicker polymers to the inlet of the mass spectrometer.
The polymers were characterized by scanning electron microscopy (SEM). In Figure 2A , the surface topography of the polymer is comprised of circular divots of diameters up to 10 μm. Unlike porous filter paper having an average pore size diameter of 11 μm, the exterior of the OSX polymer appears to have little macroscopic porosity. The polymer network, however, contains a range of pores with diameters up to 10 μm, as seen in Figure 2B . The connectivity of the pores is SCHEME 1 Diagram of polymer-spray mass spectrometry has been observed in droplet spray ionization using a glass microscope coverslip where the spray solvent elutes along the top surface of the glass. 26 When compared to paper under the same spray conditions, the OSX polymer exhibited significantly increased signal stability. Figure 4 shows the signal of an OSX polymer lasting about 6.5 min as compared to paper where the signal decreased around 0.3 min. Table 2 . The response of each drug is measured as the peak intensity ratio of a drug to its deuterated analog. The RSD of response for each drug is less than 1%.
| OSX polymer-spray of hydrophobic narcotic drugs
Two different samples of cocaine in urine were analyzed and quantified using paper-and polymer-spray MS. The calibration curves Table 3 . The analysis sensitivity of cocaine with the OSX polymer was approximately 10% better than that for paper-spray as observed in quantitation experiments and the peak intensities higher by a factor of 2 compared to paper-spray. Mean recoveries of 90.2% (RSD 10.9%) and 81.0% (RSD 6.8%) were obtained for sample 1 by polymer-and paper-spray, respectively. The calculated concentrations for cocaine in sample 2 by polymer-and paper-spray were higher in both cases, but the %RSD values were 2.7% and 29%, respectively. The favorable elution of the drugs from the OSX polymer surface, and therefore the higher analysis sensitivity of polymer-spray for the quantitation of cocaine in urine, may be attributed to (1) the localization of the cocaine sample to a smaller area of the polymer surface thereby concentrating the sample as compared to paper where absorption of the sample results in spreading across a wider area, as seen in Figure 1 for methylene blue in water, and (2) analytes may be 'trapped'
within the entangled cellulose fibers that comprise the highly porous paper substrate, preventing all the analytes being sprayed into the mass spectrometer. When paper was coated with silica, improvements in the detection of pesticides in milk by paper-spray MS were reported. 24 Unlike the narcotics, the hydrophilic streptomycin is not detected using paper-spray MS, but is detected by polymer-spray MS under the same conditions. With cellulose being a polysaccharide, its surface is dense with hydroxyl groups. It is believed that the polar groups of streptomycin interact strongly with the hydroxyl groups of the cellulose fibers, limiting their elution from the paper during the electrospray process. The hydrophobic methyl-containing OSX polymer may contain less hydroxyl groups, making for weaker affinity of streptomycin to the polymer surface, which may contribute to the more favorable elution efficiency of streptomycin in polymer-spray MS. Figure 6 shows the total-ion current (TIC) and mass spectra of 1000 μg/mL streptomycin deposited at a volume of 2 μL (2-μg loading). As seen in Table 4 . Mean recovery of streptomycin from samples 1 (n = 3) and 2 (n = 3) were 97.5% (RSD 12.6%) and 95% (RSD 5.3%), respectively. The mean recovery from sample 3 (n = 3, RSD 5.1%) was determined to be 20% higher than the actual concentration, which is the lowest concentration of the three samples. Of the administered dose of streptomycin for treatment of urinary tract infections, 60-80% of the dose is excreted in the urine within the first 4 h so, for a dose of 2-4 g/mL, 25-5000 μg/mL in urine can be detected. 29 A concentration of 50 μg/mL is considered to be toxic. 1 
| CONCLUSIONS
We have shown that an organosiloxane polymer is effective as a sample substrate and ESI emitter in the analysis of drug samples without pretreatment by ESI-MS. When compared to paper, organosiloxane polymer substrates allow for mass spectra of a hydrophilic drug at low concentrations not detectable with paper-spray MS. Organosiloxane polymers achieve a more sensitive analysis, allowing for more accurate quantitation of both hydrophobic and hydrophilic drug compounds. The ability to tailor the polarity and porosity of the polymer allows for the synthesis of a wide range of polymers, and thus opens many possibilities for further development and applications. Dihydrostreptomycin as internal standard (m/z 584).
